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Summary

Common beans (Phaseolus vulgaris) are separated into two distinct groups: Andean and Middle American. We
identified CAL 143 as the first Andean bean with resistance to angular leaf spot disease caused by Phaeoisariopsis
griseola. Angular leaf spot is the most widespread and economically important bean disease in southern and eastern
Africa, and it is especially severe on the extensively grown Andean beans. Cal 143 was resistant in Malawi, South
Africa, Tanzania, and Zambia, but it was susceptible in Uganda. This was attributed to the presence of races of P.
griseola in Uganda not present in the other countries. We identified two additional Andean bean lines, AND 277
and AND 279, with resistance to angular leaf spot in Malawi. We also characterized the virulence diversity of 15
isolates of P. griseola from southern and eastern Africa into nine different races. Five of six isolates from Malawi and
two of seven from Uganda, obtained from large-seeded Andean beans, were characterized into four different races
considered Andean. These were compatible only or mostly with large-seeded Andean cultivars. The other eight
isolates from Uganda, Malawi, and the Democratic Republic of Congo, obtained from a small- or medium-seeded
Middle American beans, were characterized into five different Middle American races. These were compatible with
Middle American and Andean cultivars. CAL 143 was resistant or intermediate under greenhouse conditions to all
but one of the same 15 isolates from southern and eastern Africa, but it was susceptible to an isolate from Uganda
obtained from a medium-seeded Middle American bean.

Introduction

Common bean (Phaseolus vulgaris L.) cultivars are
separated into two distinct groups known as the An-
dean and the Middle American gene pools (Gepts,
1988). Several morphological, biochemical, molecular,
and other attributes differentiate these gene pools. The
large-seeded (>40 g 100-seed weight−1) Andean beans
originated in the Andean mountains of South America,
while the small-seeded (<25 g 100-seed weight−1)
and medium-seeded (25–40 g 100-seed weight−1)

Middle American beans originated in Mexico and Cen-
tral America (Singh, 2001).

Common bean production and consumption ranks
very high in the countries of southern and eastern
Africa (Wortmann et al., 1999). In this region, where
large-seeded Andean beans are extensively grown, the
common bean is fundamentally a small-scale farmers’
crop grown with few purchased inputs and exposed
to a myriad of biological, edaphic, and climatic con-
straints (Wortmann et al., 1998). Among the various
diseases that attack the common bean, angular leaf spot
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(ALS), caused by the fungus Phaeoisariopsis grise-
ola (Sacc.), Ferraris is very widespread and damaging
in tropical and subtropical bean producing countries
(Allen et al., 1989; Liebenberg & Pretorius, 1997). ALS
is rated as the second most significant among 29 bi-
otic and abiotic constraints that afflict the bean crop
in Africa and as the most important and widespread
of the biotic constraints. ALS is particularly destruc-
tive to Andean beans that are extensively grown and
consumed in Malawi and other southern and eastern
African countries. Control of ALS can be enhanced by
the use of clean seed, free of the ALS pathogen, variety
mixtures, cultural practices, and fungicides (Correa-
Victoria et al., 1989; Pyndji & Trumann, 1992). How-
ever, the most practical, economically feasible, and ef-
fective control for a small-scale farmer in Africa comes
from the use of resistant varieties. Although sources of
ALS resistance have been identified in common bean
(Busogoro et al., 1999; Mahuku et al., 2003, Pastor-
Corrales et al., 1998; Schwartz et al., 1982), these
sources have not been evaluated under field conditions
in Africa, and it has not been ascertained whether the
identified sources included beans of the Andean gene
pool.

There are many races (virulence phenotypes) of P.
griseola (Mahuku et al., 2000; Nietsche et al., 2001).
These races frequently vary in time and space; thus,
a bean variety that is resistant in one year or location
may be susceptible in another. Although Andean and
Middle American beans are grown in southern and east-
ern Africa, Andean beans are preferred for their large
seed size, ease to cook, and taste; but Andean beans are
very susceptible to ALS in these countries, particularly
in Malawi. On the other hand, Middle American beans
have been reported as resistant to ALS in the Demo-
cratic Republic of Congo and Malawi (Musuku et al.,
1990; Pyndji & Trumann, 1992). An effort to identify
the sources of ALS resistance was made in the early
to mid-90s by the Bean Program of the Centro Inter-
nacional de Agricultura Tropical (CIAT) in Malawi. A
large number of germplasm lines introduced from the
Bean Program at CIAT Headquarters in Cali, Colom-
bia, were evaluated under field conditions in Malawi
and other countries in southern and eastern Africa with
the following objectives: (1) identify Andean cultivars
with resistance to ALS, (2) explore the virulence diver-
sity of P. griseola, and (3) evaluate under greenhouse
conditions the reaction of Andean beans with resistance
to ALS in eastern and southern Africa to newly charac-
terized races of P. griseola from this region. In this pa-
per we synthesize the findings from a breeding project

aiming at improving beans for disease resistance and
report the results obtained from these studies.

Materials and methods

Identification and confirmation of ALS resistance
in CAL 143 in Malawi

Common bean germplasm and improved lines were
evaluated for their reaction to the ALS pathogen under
natural field conditions and disease infestation levels.
More than 2000 bean accessions received from CIAT
Headquarters in Cali, Colombia, were screened dur-
ing the crop season of 1992–1993 at the experimental
fields of Bunda College of Agriculture, located in cen-
tral Malawi near the capital city of Lilongwe (latitude
13◦ 58′S, altitude 1,100 m above mean sea level [masl]).
The group of beans tested consisted of both Andean and
Middle American types, including CAL 143, a large-
seeded Andean bean belonging to the Calima grain
type. Calima is a popular Andean bean variety from
Colombia with large, red mottle seeds. The abbrevi-
ation CAL was used at CIAT to name Andean bean
breeding lines similar to Calima. CAL 143 has a deter-
minate growth habit and a seed weight of about 42 g
100-seed weight−1. All bean cultivars were evaluated
in a non-replicated nursery that included the most pop-
ular local check variety, Nasaka, as a control. Disease
scores were recorded using the CIAT’s visual scale of
1–9, where a reading of between 1 and 3 was consid-
ered resistant, 4 and 6 intermediate, and 7 and 9 sus-
ceptible (van Schoonhoven & Pastor-Corrales, 1987).
Confirmation of ALS resistance in CAL 143 and other
common bean cultivars in Malawi was done under field
conditions at Bembeke, a site also situated in central
Malawi but at a higher altitude than Bunda College.
Bembeke is located at 14◦ 20′S 34◦ 30′E, 1,600 masl
with an annual mean rainfall of 1000 mm distributed
in a mono-modal rainfall, where rains start around De-
cember and finish about 4 months later. Annual mean
minimum and maximum air temperatures are 9 ◦C and
22 ◦C, respectively. Year-to-year infestation and sever-
ity of the disease was more reliable at Bembeke than at
the Bunda College site, thus making it a better site for
identifying bean genotypes with resistance to ALS. To
confirm the ALS resistance in CAL 143, disease data
from the Preliminary Bean Yield Trial (PBYT) and
the Southern African Regional Bean Yield Trial (SAR-
BYT) planted at Bembeke in the 1993–94, 1994–95,
and 1995–96 crop seasons was used. Both of these trials
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had CAL 143 along with other bean varieties belonging
to the Middle American and Andean gene pools. No ar-
tificial inoculations were made, thus any disease that
developed was due to natural infestations only. Disease
scores were recorded using the CIAT’s visual scale of
1–9. The numbers of varieties included in each of the
two trials during the 3 years of testing were as follows:
PBYT = 34 (1993–94), 36 (1994–95), 31 (1995–96),
and each year the trial had three replications, consisting
of a 2-row plot, 4-m long; SARBYT = 15 (1993–94),
15 (1994–95), 18 (1995–96), and each year the trial
had four replications, consisting of a 4-row plot, 4-m
long.

Reaction of CAL 143 to ALS under field conditions
in other southern African countries

CAL 143 was also evaluated under field conditions in
other countries in southern and eastern Africa. It was
tested as part of the SARBYT Regional Variety Trial
described earlier. The testing was conducted in Tanza-
nia, South Africa, and Zambia in southern Africa and
Uganda in eastern Africa. The reaction of CAL 143 to
the ALS pathogen in these countries was also recorded,
using the standard evaluation system based on a visual
score of 1–9.

Additional sources of ALS resistance in Andean beans

An additional 147 Andean and Middle American
germplasm entries from the VEF breeding nursery re-
ceived from CIAT, were evaluated at the Bembeke re-
search station during the 1996–97 and 1997–98 crop
seasons. In 1996–97, this nursery was first planted in
a non-replicated trial, but in the following year (1997–
98), it was replicated twice. Again the screening was
carried out under field conditions similar to those in
previous years, based on natural infestations of the dis-
ease. The data on selected new lines that showed resis-
tance to ALS were compared to CAL 143 and the local
check variety, Nasaka, both of Andean type.

Virulence analysis of African isolates
of Phaeoisaripsis griseola

The isolates of P. griseola used in this study were col-
lected from naturally infected leaves and pods of com-
mon bean grown under field conditions in Malawi,
Uganda, Rwanda, and the Democratic Republic of
Congo. During the collection of the disease samples,
data were recorded on the name of the bean cultivar,

seed size, growth habit, and collection site. Isolation,
purification, production of monosporic isolates, stor-
age of P. griseola, and inoculum preparation and con-
centration for each monosporic isolate, in this study,
were conducted as described by Pastor-Corrales et al.
(1998). Races of the pathogen were identified inoc-
ulating a set of 12 common bean differential culti-
vars under greenhouse conditions at the CIAT head-
quarters in Cali, Colombia. Six of these differential
cultivars were large-seeded and of Andean origin and
six were small- or medium-seeded Middle American
beans. Monosporic cultures of each isolate at a con-
centration of 2 × 104 conidia ml−1 were inoculated on
each differential, following the methodology described
by Pastor-Corrales et al. (1998).

Reaction of Andean beans to individual isolates of the
ALS pathogen from Africa

Andean bean cultivars DRK 57, SUG 92, SUG 118,
and AFR 150, evaluated as resistant to ALS in various
field locations in Africa and CAL 143, were inoculated
under greenhouse conditions at the CIAT headquar-
ters in Cali, Colombia, with 15 African isolates of P.
griseola: six from Malawi, seven from Uganda, and
one each from Rwanda and the Democratic Republic
of Congo. These lines had commercial bean color liked
in Malawi and other countries in southern Africa. Nine
plants of each bean line were sown in three pots, three
plants per pot, and inoculated with a spore suspension
1 × 10 4 spores ml−1, following the previously de-
scribed methodology for evaluation of bean germplasm
(Pastor-Corrales et al., 1998).

Results

Identification and confirmation of ALS resistance
in CAL 143 in Malawi

CAL 143 was found to be free of ALS during the
crop season of 1992–93 at Bunda, Malawi. Subse-
quently, CAL 143 was evaluated during the follow-
ing three seasons at Bembeke, Malawi. The level of
ALS infestation at Bembeke was high and uniform
on the susceptible bean genotypes, but CAL 143 ex-
hibited a resistant reaction during all these 3 years
(Table 1). These results confirmed, with a high de-
gree of certainty, the resistance to ALS observed in
CAL 143 in the 1992–93 crop season at Bunda. This
finding was the first ever confirmed report of ALS
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Table 1. Reaction of CAL 143 and other common bean cultivars to Phaeoisariopsis griseola, the pathogen of the angular leaf spot
(ALS) disease, under field conditions at Bembeke, Malawi, 1993–1996

ALS disease score and reaction typea

Bean cultivar 1993–1994 Reaction 1994–1995 Reaction 1995–1996 Reaction

1. Preliminary Bean Yield Trial (PBYT)

Andean

CAL 143 3 R 4 I 3 R

Nasaka 8 S 4 I – –

CAL 113 5 I 6 I 6 I

Middle American

A 286 2 R – – – –

EMP 308 – – – – 3 –

Mean 6 I 6 I 5 I

±SE 0.7 0.52 –

Significance *** ** –

2. Southern African Regional
Bean Yield Trial (SARBYT)

Andean

CAL 143 2 R 2 R 3 R

Nasaka 7 S – – – –

Phalombe/Local 6 I 9 S 7 S

Middle American

BAT 477 2 R – – – –

Nandi – – 4 I 4 I

Mean 4 I 5 I 6 I

±SE 0.4 0.5 –

Significance *** ** –

aALS disease evaluations using a 1 to 9 rating scale, where 1 = no visible symptoms of the disease and 9 = very severe symptoms
(Schoonhoven & Pastor-Corrales, 1987). ALS reaction type: 1–3 = resistant (R); 4–6 = intermediate (I); 7–9 = susceptible (S).

resistance in an Andean bean in Malawi, and there-
fore, was considered a major research accomplish-
ment of the Malawi bean program. Because of its high
yield potential (up to 2000 kg/ha) and exhibited re-
sistant reaction to several diseases under field condi-
tions, CAL 143 was released in Malawi as Napilira
in 1995 (Chirwa et al., 1997). In addition to ALS re-
sistance, CAL 143 also showed intermediate levels of
resistance to powdery mildew (caused by Erysiphe
polygoni), halo blight (caused by Pseudomonas sy-
ringae pv. phaseolicola) and tolerance to soil-fertility
stresses in Malawi (Malawi Bean Improvement Pro-
gram Annual Report, 1993–94). CAL 143 was also
resistant to rust (caused by Uromyces appendiculatus)
in South Africa, as observed by Pastor-Corrales and
Steadman during the Bean Rust Workshop field trip in
the KwaZulu-Natal province of South Africa in March
2002.

Reaction of CAL 143 to ALS under field conditions
in other southern African countries

Results obtained from South Africa, Tanzania, and
Zambia showed that CAL143 had a resistant or in-
termediate reaction to isolates of the ALS pathogen
prevalent in these countries but a susceptible reaction
at Kawanda, Uganda, and eastern Africa (Table 2). In
a personal communication, Meri Liebenberg (2003)
confirmed that CAL 143 was resistant to ALS under
field conditions in South Africa (Liebenberg, personal
communication).

Additional sources of ALS resistance in Andean beans

Two additional Andean bean lines, AND 277 and AND
279, were identified as resistant to ALS in the 1996–
97 crop season in Malawi. Resistance in them was
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Table 2. Reaction of CAL 143 and other common bean cultivars to Phaeoisariopsis griseola, the pathogen of the angular leaf spot
disease (ALS), in southern and eastern Africa, 1993–1994

ALS disease score and reaction typea

Southern Africa Eastern Africa

Potchefstroom,
South Africab Uyole, Tanzania Misamfu, Zambia Kwanda, Ugandac

Bean cultivar Score Reaction Score Reaction Score Reaction Score Reaction

CAL 143 <3 R 3 R 4 I 8 S

Nasaka – – 7 S 5 I – –

Local >7 S (Kranskop)d 6 I 5 I 8 (G5686)e S

Mean – – 4 – 5 – – –

±SE – – 0.3 – 0.5 – – –

aALS disease evaluations using a 1 to 9 rating scale, where 1 = no visible symptoms of the disease and 9 = very severe symptoms
(Schoonhoven & Pastor-Corrales, 1987). ALS Reaction type: 1–3 = resistant (R); 4–6 = intermediate (I); 7–9 = susceptible (S).
bSource: M Liebenberg, ARC, Potchefstroom, South Africa, personal communication.
cSource: CIAT Bean Program Annual Report, 1995.
dLocally released ALS susceptible bean variety in South Africa.
eLarge-seeded Andean bean accession from CIAT.

confirmed in the 1997–98 crop season (Table 3). The
Pedigrees of these lines are as follows: CAL 143 =
G 12229 × AND 277; AND 277 = G 21720 × BAT
1386; AND 279 = G 21720 × BAT 1386; and BAT
1386 = G 6616 × (G 4523 × (G 4523 × G 76)). These
pedigrees showed that AND 277 and AND 279 were
sister lines; i.e., they originated from the same cross,
and AND 277 was one of the parents of CAL 143.

Table 3. Additional Andean sources of resistance to Phaeoisariopsis griseola, the angular leaf spot pathogen (ALS) of
beans, identified at Bembeke in Malawi during 1996–1997 and 1997–1998a

ALS score (1–9 Scale)b

1996–1997 1997–1998

Variety Score 1 Reaction Score 2 Reaction Score Reaction

Andean

AND 277 1 R 5 I 3 R

AND 279 2 R 3 R 2 R

Middle American

MAR 3 2 R 2 R 3 R

Control

CAL 143 2 R 3 I 4 I

NASAKA – – 9 S 9 S

Mean (147 lines) 4 I 8 7 S

SE± – – 0.7

Significance – – **

aIdentified in the VEF, a breeding nursery from the International Center for tropical Agriculture (CIAT).
bALS disease evaluations were made using a 1 to 9 rating scale, where 1 = no visible symptoms of the ALS disease and
9 = very severe symptoms. 1–3 = resistant (R); 4–6 = intermediate (I); 7–9 = susceptible (S).

Virulence analysis of African isolates of
Phaeoisaripsis griseola

The virulence phenotype (race) of six isolates of
P. griseola from Malawi, seven from Uganda, and
one each from Rwanda and the Democratic Repub-
lic of Congo, was characterized by inoculating sepa-
rately each of these isolates on an international set of
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Table 4. Identification and virulence phenotype of 15 Phaeoisariopsis griseola (PG) isolates from three common bean
(Phaseolus vulgaris) producing countries in Africa

Bean differential cultivarsb and their binary number valuec

Andean Middle American
virulence

PG isolate Origin A B C D E F G H I J K L phenotype
IDa seed size 1 2 4 8 16 32 1 2 4 8 16 32 (race)

PG4MWI L b C D e 30-0

PG5MWI L b C D e 30-0

PG2MWI L a b C D e 31-0

PG3MWI L a b C D e 31-0

PG6MWI L b C D e g i 30-5

PG3UGD L a b C D e f g h i 63-7

PG4UGD L a b C D e f g h i 63-7

PG2UGD M a b C D e f g i k 63-21

PG1UGD S a b C D g h i L 15-39

PG1MWI S a b C D e g h i L 31-39

PG5UGD M a b C D e g h i L 31-39

PG6UGD S a b C D e g h i L 31-39

PG7UGD S a b C D e g h i L 31-39

PG1RUA a b C D e f g h i L 63-39

PG1ZAR a b C g h i k L 7-55

aCountry of origin of isolate: MLW = Malawi, UGD = Uganda, RUA = Rwanda, ZAR = Democratic Republic of Congo
(Formerly Zaire).
bAndean differential cultivars: A = Don Timoteo, B = G11796, C = Bolón Bayo, D = Montcalm, E = Amendoin, F = G5686;
Middle American differential Cultivars: G = PAN 72, H = G 2858, I = Flor de Mayo, J = Mexico 54, K = BAT 332,
L = Cornell 49242. Lower case letters a to i indicate a compatible host pathogen interaction.
cBinary values for the differential cultivars are: A and G = 1, B and H = 2, C and I = 4, D and J = 8, E and K = 16, and F
and L = 32. The sum of the values of the susceptible cultivars will give the binary number of that specific race. A hyphen is
used to separate the sum of the Andean and Middle American cultivars; e.g., Race 30-5 = virulent on Andean cultivars B,
C, D, and E and on Middle American Cultivars G and I.

differential cultivars (Table 4). Based on the reaction of
the bean differential cultivars to each of the 15 isolates
characterized, considerable variation was observed in
the virulence exhibited by these isolates. Five of the
six isolates from Malawi were collected from large-
seeded Andean beans and were similar to each other
(Table 4). Two of these isolates were characterized as
race 30-0, two as race 31-0, and one as race 30-5. Races
30-0 and 31-0 were very similar to each other in their
virulence phenotype; both were compatible only with
Andean differential cultivars but differed in their reac-
tion to Andean cultivar Don Timoteo. Race 30-1 was
compatible with Don Timoteo, whereas race 30-0 was
not. The other isolate from Malawi, characterized as
race 30-5, was compatible with most of the Andean
cultivars and with two of the Middle American differ-
ential cultivars. All of these three races (30-0, 30-1,
and 30-5) were considered Andean because they were

obtained from large-seeded Andean beans and were
compatible only or mostly with large-seeded Andean
differential cultivars. The only isolate from Malawi ob-
tained from a small-seeded bean cultivar (most likely
a bean belonging to the Middle American gene pool)
was characterized as race 31-39. This race was com-
patible with five Andean and four Middle American
differential cultivars. Races compatible with most of
the Middle American and some Andean bean cultivars
have been considered Middle American. In general, the
results obtained with the six Malawian isolates, albeit
in small number, suggested that most Andean beans in
Malawi harbor Andean races of the ALS pathogen that
characteristically were compatible only or mostly with
Andean bean cultivars.

The isolates from Uganda were also segregated
into two different groups of races, one Andean and the
other Middle American (Table 4). Two of the Ugandan
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Table 5. Reaction to five common bean lines to 15 different isolates of Phaeoisariopsis griseola from
Africa inoculated under greenhouse conditions

Isolate Reaction of common bean linesa

ID Origin seed size Race DRK 57 SUG 92 SUG 118 AFR 530 CAL 143

PG4MWI L 30-0 S9 S8 R1 R1 R1

PG5MWI L 30-0 S9 I4 R1 R1 R1

PG2MWI L 31-0 S9 I5 R1 R1 R1

PG3MWI L 31-0 S9 S9 R1 R1 R1

PG6MWI L 30-5 S9 I5 R1 R1 R1

PG3UGD L 63-7 S7 R2 S7 R3 R3

PG4UGD L 63-7 S8 I4 S9 I5 I4

PG2UGD M 63-21 S9 S9 S9 I6 S9

PG1UGD S 15-39 S7 S7 S8 I6 R2

PG1MWI S 31-39 S9 S8 S9 S9 R2

PG5UDG M 31-39 S8 S7 S9 S8 R2

PG6UGD S 31-39 S7 S7 S7 S7 R3

PG7UGD S 31-39 S7 S8 S8 S7 R3

PG1RUA – 63-39 S9 S7 S7 I6 I4

PG1ZAR – 7-55 S9 R2 S7 I6 R3

aThe number above the letter corresponds to the severity of reaction under greenhouse conditions in
1995. ALS disease evaluations were made using a 1 to 9 rating scale, where 1 = No visible symptoms
of the ALS disease and 9 = very severe symptoms (Schoonhoven and Pastor-Corrales, 1987). Reaction
type: 1–3 = resistant (R); 4–6 = intermediate (I); 7–9 = susceptible (S).

isolates were obtained from large-seeded beans and
were characterized as the Andean race 63-7. This
race was compatible with all Andean differential cul-
tivars and with some of the Middle American dif-
ferential cultivars. This race was fairly similar to the
Andean race 30-5 from Malawi. A Ugandan isolate
obtained from medium-seeded beans and character-
ized as race 63-21, was compatible with Andean and
Middle American differential cultivars. This race was
considered Middle American. The remaining four iso-
lates from Uganda were also characterized as Middle
American races. Three of these isolates, obtained from
small- or medium-seeded beans, were characterized
as race 31-39. The fourth isolate, also obtained from
small-seeded beans, was characterized as race 15-39.
The last two isolates, one each obtained from Rwanda
and the Democratic Republic of Congo, were charac-
terized as Middle American races 63-39 and 7-55, re-
spectively. All the Middle American races found in the
course of this study were compatible with some Mid-
dle American differential cultivars that were resistant
to all Andean races. In summary, 15 different isolates
of the ALS pathogen were characterized into 10 differ-
ent races. Six isolates from Malawi were characterized
into four different races, three Andean (30-0, 31-0, and

30-50) and one Middle American (31-39); seven iso-
lates from Uganda into four races, three Middle Amer-
ican (63-21, 15-39, and 31-39) and one Andean (63-7);
and one isolate each from Rwanda and the Democratic
Republic of Congo into two Middle American races
(63-39 and 7-55), respectively.

Reaction of Andean beans to various individual
isolates of the ALS pathogen from Africa

The isolates of P. griseola from Malawi, Uganda,
Rwanda, and the Democratic Republic of Congo were
used to evaluate the reaction of CAL 143 and other
four Andean bean lines under greenhouse conditions
at CIAT headquarters (Table 5). CAL 143 had a
resistant reaction to all isolates from Malawi, and
a resistant or intermediate reaction to all but one
isolate from Uganda. The only isolate that produced a
susceptible reaction on CAL 143 was classified as the
Middle American race 63-21, found only in Uganda.
The resistant reaction of CAL 143 under greenhouse
conditions to all isolates from Malawi coincided with
the reaction observed for this cultivar under field
conditions in that country. It was also noteworthy that
CAL 143 was found susceptible to only one isolate of
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P. griseola from Uganda, corroborating the observation
that CAL 143 was susceptible under field conditions in
Uganda. Additionally, in a personal communication,
Liebenberg from South Africa (2003) reported that
CAL 143 was resistant under greenhouse conditions
to most (90%) of the isolates of ALS pathogen from
South Africa, and susceptible to only a few isolates that
she characterized as Middle American (Liebenberg,
personal communication). She noted that CAL 143 was
resistant under field conditions in South Africa. The
other four Andean cultivars included in the study were
susceptible to the majority of the 15 isolates (Table 5),
indicating that CAL 143 possessed a much wider level
of resistance compared to other bean varieties.

Discussion

In this study, we identified CAL 143 as the first Andean
common bean with resistance to the angular leaf spot
disease under field conditions in Malawi and other
countries in eastern and southern Africa. This is a re-
gion where common beans are a primary staple food
legume, a major source of dietary protein, iron, fiber,
complex carbohydrates, and an essential component
of the nutrition to millions of men, women, and chil-
dren. CAL 143 was resistant in Malawi during one
crop season at Bunda and three seasons at Bembeke.
It was also resistant in Potchefstroom, South Africa;
Uyole, Tanzania; and Misamfu, Zambia. This discov-
ery was particularly important because ALS is the
most widespread and damaging disease of beans in
Africa and because Andean beans, which are exten-
sively grown in Malawi and other southern and eastern
African countries, are very susceptible to ALS. Cul-
tivars with disease resistance offer small-scale bean
farmers a practical and economic way of managing
ALS and other diseases. For the small-scale farmer of
Africa, other disease-management alternatives, such as
fungicides and clean seed, often are not economical or
practical and are difficult to implement.

Although CAL 143 showed a remarkable level
of resistance to ALS in several countries in southern
and eastern Africa, it was susceptible in Uganda. This
was attributed to the presence of race 63-21 of the
ALS pathogen found in Uganda but not in Malawi.
This observation underlines the fact that different races
of the ALS pathogen exist in different parts of the
African continent and different sources of resistance
will be required to manage ALS with genetic resis-
tance. Concerted efforts are needed to find new sources

of resistance and to broaden the genetic base of beans
in African countries.

In the beginning, resistance to ALS in the Andean
beans in Malawi and other southern and eastern African
countries was limited to only the Andean bean culti-
var, CAL 143. Later, two additional ALS resistant An-
dean bean lines, AND 277 and AND 279, were identi-
fied. These two lines had resistance to ALS in Malawi
during the 1996–1997 and 1997–1998 crop seasons.
Finding two new Andean ALS resistant beans quickly
raised the question of whether they represented new
sources of resistance or were somehow related to CAL
143. The pedigrees of these lines, presented in the Re-
sults section, showed that AND 277 and AND 279 were
sister lines, AND 277 was one of the parents of CAL
143, and that these lines probably had a common donor
parent that contributed the resistance to ALS. Further
clarifications will be sought to pinpoint the donor par-
ent for resistance to ALS in these cultivars. However,
if confirmed that one common parent contributed the
ALS resistance in CAL 143 and in AND 277 and AND
279, it is also possible that the same gene for resis-
tance to ALS present in CAL 143 is also present in
many or most Andean bean genotypes. If so, such con-
dition would not be unique to ALS resistance in beans.
The Co-1 gene that provides resistance to anthracnose
(caused by Colletotrichum lindemuthianum) is also the
only anthracnose resistance gene so far found in the
Andean gene pool (Alzate-Marin et al., 2003). This
gene is present in majority of Andean beans with al-
lelic differences (Co-12 to Co-15) existing between the
cultivars. An allele of Co-1, named Co-15, for resis-
tance to anthracnose is present in AND 277 (Alzate-
Marin et al., 2003). Additionally, AND 277 is also one
of the few Andean cultivars with resistance to several
isolates of P. griseola from Brazil (Sartorato, 2002).
It appears then, that CAL 143 and AND 277 could be
utilized as sources of resistance to several diseases in
bean improvement programs.

Studies have also revealed that the race diversity
of the ALS pathogen can be separated into two dis-
tinct groups, one Andean and another Middle Ameri-
can (Guzman et al., 1995; Mahuku et al., 2003; Pastor-
Corrales, 1996). Andean races are usually compatible
only or mostly with the Andean beans while the Middle
American races are compatible with Middle American
and Andean beans, but are generally more virulent on
the former. It has been posited that the Andean and
Middle American races of P. griseola have evolved
separately with the Andean and Middle American com-
mon bean gene pools, respectively (Guzman et al.,
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1995). During the course of this study, the virulence
diversity of 15 isolates of P. griseola from southern
and eastern Africa were characterized into nine differ-
ent races. Six isolates were from Malawi, seven from
Uganda, and one each from Rwanda and the Demo-
cratic Republic of Congo. It was significant that five
of the six isolates from Malawi, obtained from large-
seeded Andean beans, when characterized by inocu-
lating them on a set of six Andean and six Middle
American bean differential cultivars, were differenti-
ated into three different races: 30-0, 31-0, and 30-5 that
were similar to each other and were compatible only or
mostly with large-seeded Andean differential cultivars.
On the basis of their virulence phenotype, i.e., compat-
ibility with only or mostly Andean beans, these were
considered Andean races of the ALS pathogen. The
only isolate from Malawi obtained from a small-seeded
Middle American bean was characterized as race 31-
39. This fitted the description of a Middle American
race of the pathogen that typically was compatible with
both Middle American and Andean differential culti-
vars (Mahuku et al., 2002; Pastor-Corrales, 1996). The
preponderance of Andean races of the ALS pathogen
in Malawi was not surprising, considering that most
beans grown in Malawi are of Andean origin, and An-
dean races of P. griseola are usually associated with the
Andean beans. On the other hand, the diversity among
races of the ALS pathogen in Uganda was quite dif-
ferent from those of Malawi. Five of the seven isolates
from Uganda were obtained from small- or medium-
seeded Middle American beans. These, characterized
as Middle American races 63-21, 15-39, and 31-39,
were very similar to each other in their virulence to
the differential cultivars; they were compatible with
both Andean and Middle American differential beans.
Ugandan race 31-39 was also found in Malawi, indicat-
ing some overlap of races between these two countries.
The other two races from Uganda (15-39 and 63-21)
were also similar to the race 31-39 found in Malawi and
Uganda. The other two Ugandan isolates obtained from
large-seeded Andean beans were both characterized as
the Andean race 63-7 that was compatible mostly with
Andean differential cultivars. Some Andean races of
the ALS pathogen from Africa (races 30-5 and 63-7),
all obtained from large-seeded beans, were compatible
with some of the Middle American bean differential
cultivars. However, these races were not compatible
with any of the Middle American cultivars BAT 332
and Cornell 49242 that are often susceptible to Middle
American races of the ALS pathogen (Mahuku et al.,
2002; Pastor-Corrales et al., 1998). Although only 15

isolates of the ALS pathogen from southern Africa
were characterized in this study, these results suggest
that the virulence diversity of P. griseola in Africa is
similar to that found in Latin America (Mahuku et al.,
2002; Pastor-Corrales, 1996). These results also sug-
gest that it is likely that a similar evolution had occurred
between the Latin American and African isolates of the
ALS pathogen with their common bean host.

Based on the resistant reaction of CAL 143 to the
ALS disease under field conditions in different coun-
tries in southern and eastern Africa, it was not en-
tirely surprising that CAL 143 was also resistant un-
der controlled greenhouse conditions to all but one of
the 15 isolates of P. griseola from Africa. CAL 143
was resistant to all isolates from Malawi, Rwanda, and
the Democratic Republic of Congo, resistant or inter-
mediate to most isolates from Uganda, and suscepti-
ble to only one isolate from Uganda, obtained from a
medium-seeded Middle American bean. Finally, it is
important to point out that the results obtained during
the course of these studies clearly indicate that CAL
143 is a unique Andean bean with commercial grain
color, high yield, and with resistance to ALS and other
diseases in southern and eastern Africa.
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